
www.hgiworld.com
GEOPHYSICSTucson, AZ - Denver, CO - Richland, WA - Missoula, MT

�

�

�

�

Real-time delineation of
true groundwater flow
paths

Enhanced sweep
efficiencies through
improved accuracy of
groundwater models

Early detection of potential
excursions for better
environmental protection

Accelerated mine closure
via pre- and post-
characterization
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Fluid Flow Behavior

for In-Situ Recovery
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The in-situ recovery (ISR) of roll-front type uranium deposits relies
on the passage (or sweeping) of an oxidizing solution through the
U 0 mineralized zone. To maintain regulatory compliance, ISR

facility operators must frequently analyze groundwater withdrawn
from the ring of monitoring wells surrounding the extraction zone.
The monitoring wells are installed to detect possible excursions of
the pregnant solution into the host aquifer, which could potentially

c o n t a m i n a t e t h e
groundwater. Such
loss of containment of
the pregnant solution
can be caused by
inadequate control of
the hydraulic gradient.
Clay lenses, fault
structures, and other
heterogeneities within
the host aquifer make
control of the gradient
uncertain or difficult.

The application of electrical geophysical methods to monitor
groundwater flow behavior of ISR uranium operations have many
benefits including:

1) determination of the hydraulic gradient, which aids in constraining
the input to a numerical groundwater flow model intended for the
optimization of the extraction kinetics

2) real-time delineation of underperforming portions of the ore zone

3) early detection of potential excursions to ensure groundwater
protection and regulatory compliance

4) acceleration of the mine closure process through comparative
characterization of the pre- and post- mining site conditions
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The intrinsic resistivity of a geological formation or aquifer is a
function of the rock type, the available pore space within the
formation, the amount of water (i.e. saturation) held within the pore
space, and the ionic strength of the pore fluids. Though minor
changes in any of these parameters will result in a measurable
change in resistivity, the degree of saturation and ionic strength of the
pore fluids are most often of interest. For ISR of uranium, the
groundwater withdrawal may cause a reduction in saturation which
can easily be detected with electrical geophysics. Furthermore, the
oxidizing solution contains ionic constituents that make containment
monitoring with geophysics an obvious solution.

Resistivity of Earth Materials

HGI developed electrohydrodynamics (EHD) to address the spatial
resolution and temporal sensitivity issues inherent in monitoring
groundwater flow within fully saturated environments such as
associated with an ISR uranium operation. EHD is a well tested and
proven geophysical technique for obtaining the distribution of
intrinsic resistivities associated with the geology between borings.
When applied dynamically over time, the temporal changes in
electrical properties can be uniquely related to changes in saturation
or concentration of the pregnant solution.

EHD is conducted by transmitting electrical current and measuring
the resultant potential field on a series of electrodes distributed
throughout the host aquifer. Since a typical ISR uranium well field
consists of a dense population of closely spaced injection and
extraction wells surrounded by a network of less densely spaced
monitoring wells, the arrangement is perfectly suited for the
integration of a network of electrodes. To reduce costs, the
electrodes are installed within the same injection, extraction, and
monitoring wells without disruption to the recovery process. The
geometry of the electrodes can be used to acquire both 2D and 3D
snapshots of the distribution of electrical resistivity of the subsurface.
A4D component of evaluating the snapshots through time allows the
operators to fully understand their environment.

ElectroHydrodynamics

It is generally acknowledged that the groundwater models used to
simulate fluid movement within the
geological environment of an ISR
operation contain significant
uncertainties. 4D EHD imaging of
the fluid movement during the
sweeping of the well field provides
a geospatial and temporal
measure of the actual flow paths of
the groundwater within the well
field. This real time groundwater
surveillance information can then
be integrated into the groundwater
model so that it can be employed
as an enhanced reservoi r
management tool to optimize U 0

sweeping efficiencies.
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EHD and ISR

The data obtained from the network of EHD sensors in a fully
instrumented ISR uranium operation inherently provides the means
for early detection and tracking of potential excursions of mineralized
solutions beyond the permitted boundaries of the well field. For
nearly 10 years, hydroGEOPHYSICS has applied similar electrical
geophysical methods to remotely detect and monitor leaks
emanating from large underground storage tanks at the US DOE
Hanford Nuclear Reservation, monitoring of enhanced oil recovery,
and optimization of secondary recovery techniques on mine heaps.

Environmental Monitoring and ISR




